mesoscopic regime, the measured physical effects exhibit ubiquitous influence of phasecoherent transport of Cooper pairs penetrating the normal system.
The theory of proximity effect was initially investigated by de Gennes. 1, 2 Various theories have since been developed to incorporate the phase-coherent transport of Cooper pairs through SNS junctions, both in the diffusive limit [3] [4] [5] and ballistic limit. [6] [7] [8] [9] Underlying these theories is the picture of multiple Andreev reflections (MARs). An electron in a normal system slightly above the Fermi level is reflected back as a hole at one super conductornormal system (NS) interface leaving a Cooper in the superconductor. The hole is reflected again as an electron at the other NS interface, and these processes are repeated coherently, resulting in a resonance-like behaviour. The MAR is the hallmark of phase-coherent transport of Cooper pairs in mesoscopic Josephson junctions.
Even though in his original theory of the proximity effect 1 de Gennes had in mind "metal" as the normal system, MARs and coherent Cooper pair transport have been observed mostly in SNS junctions with semiconductor or semimetal as a normal system. The observation of MARs in an all-metallic system is presumably hindered by the high critical current of the junctions, which results in severe Joule heating, and also by the relatively low transparency of the NS interface. 18 The width (w) of the Au NW and the distance (L) between two superconducting electrodes are found to be w = 80 -125 nm and L = 280 -740 nm, respectively. The normal-state resistance (R n ) of the junctions ranges from 4 to 10 , and thus the upper limit of the Au NW resistivity is found to be  Au = 14 ± 8 cm at T = 2 K.
As the temperature decreases, the junction resistance drops sharply at around T = 1.3 K, which corresponds to the superconducting transition temperature (T c ) of the Al electrodes.
Below T c , the resistance diminishes to zero near T = 1.2 K due to supercurrent flow through the NW. A highly transparent NS interface is required to explain our observation of multiple peaks in the differential conductance curves. For our device with a single-crystalline Au NW, the transparency of the NS interface surpasses that of conventional NS interfaces fabricated by a top-down approach such as the shadow evaporation technique. 18 The interface transparency (T int ) can be estimated from the excess current (I exc ), 26 which is the current at the crossing point of the extrapolated line of the I-V curve from the high bias (eV > 2 BCS ) region to the zero V-axis. 27 In our experiment, eI exc R n / BCS ranges from 0.36 to 1.98, resulting in T int = 0.55 -0.95, which is among the highest values observed in superconducting proximity junctions. 14 Such high transparency is attributed to the single crystalline Au NW with a chemically inert surface. It is also worth noting that T int is proportional to the I c R n product in our experimental range [see Fig. 3(c) ].
One of the unique features observed in our devices is the occurrence of hysteresis at both low-(near I c ) and high-(> I c ) bias currents. We first discuss the lower-bias hysteresis.
When the current is swept down, reversed switching from resistive to supercurrent branch occurs at a retrapping current I r (<I c ), giving a low-bias hysteretic to the I-V curve. The hysteresis is predominant at temperatures lower than 0.5 K, as shown in Fig. 3 where ħ is the Planck constant, is estimated to be about 2.8. This is comparable to the observed value.
A self-heating effect may be induced by the Joule power. The power density just above I c is roughly 230 nW/m, 3 which is at least two orders of magnitude larger than the typical value necessary for electron heating, 31 implying that the Joule heating is not negligible.
However, considering the high thermal conductivity of Au NW, it cannot be conclusively stated that a self-heating effect is the primary origin of the low-bias hysteresis in our system.
Finally, the conductance enhancement due to the MARs can give rise to hysteresis in the I-V curve. 4 If the transparency of the NS interface is adequate and the inelastic mean-free path (phase breaking length, L  ) is sufficiently larger than L, then each Andreev reflection process gives rise to an increase of the conductance and, consequently, low-bias hysteresis.
Though plausible, there is no direct evidence of this scenario yet.
Another interesting feature of a long diffusive SNS junction is the temperature dependence of the critical current, I c (T), shown in Fig. 3(d technique, even at lower temperatures. 29, 30 Theoretically, eI c R n = 10.8 E Th was predicted at zero temperature in the long-junction limit (E Th / BCS << 1), 32 and eI c R n = 2.08  BCS in the short-junction regime (E Th / BCS >> 1). 33 In the present experiment, E Th / BCS ranges from 0.02 to 0.11, which indicates that our Au NW junctions belong to a crossover regime between two extreme limits and thus give rise to relatively high I c R n values.
To gain further insight into the Au NW SNS junctions, we investigated the effect of an Fig. 1(b) and the inset, respectively. The normal-state resistance (R n )
of the Au NW junctions ranges from 4 to 10 , from which the upper limit of the Au NW resistivity can be estimated to be  Au = 14 ± 8 cm at T = 2 K. 
